Macrophages and cytokines are important in the control of inflammation and regulation of the immune response. However, they can also contribute to immunopathology in the host after viral infection and the regulatory network can be subverted by infectious agents, including viruses, some of which produce cytokine analogues or have mechanisms that inhibit cytokine function. African swine fever virus (ASFV) encodes a number of proteins which modulate cytokine and chemokine induction, host transcription factor activation, stress responses, and apoptosis. The aim of this review is to elucidate the mechanisms of immune responses to ASFV in different subpopulations of porcine macrophages. A transcriptional immune response in different resident tissue macrophages following ASFV infection was presented in many publications. ASFV-susceptible porcine macrophages can be of several origins, such as peripheral blood, lungs, bone marrow, etc. blood monocytes, blood macrophages, and lung macrophages have demonstrated a modulation of phenotype. Monocyte-derived macrophages could express surface markers not found on their monocyte precursors. Moreover, they can undergo further differentiation after infection and during inflammation. When viruses infect such cells, immunological activity can be seriously impaired or modified.
Modulation of phenotype -monocytes and macrophages. Monocytes play an important role in innate and adaptive immune responses, killing microbial pathogens and tumour cells, and exerting immunoregulatory functions through cytokine production and processing and presentation of antigens to lymphocytes. Under specific in vitro culture conditions, monocytes can differentiate into macrophages in the presence of serum or macrophage colony-stimulating factor, or into dendritic cells when cultured with granulocyte-macrophage colonystimulating factor and interleukin-4 (IL-4) (12) . Macrophages are an important component of the innate immune response against pathogens. Monocytes are a heterogeneous population, and differences among the subpopulations of blood monocytes and alveolar macrophages were observed (33) . Circulating monocytes give rise to a variety of tissue resident macrophages throughout the body, as well as to specialised cells such as dendritic cells (DCs) and osteoclasts (17) . Monocytes originate in the bone marrow from a common myeloid progenitor that is shared with neutrophils, and they are then released into the peripheral blood, where they circulate for several days before entering tissues and replenishing the tissue macrophage populations. Studies of the mononuclearphagocyte system, using monoclonal antibodies specific for various cell-surface receptors and differentiation antigens, have shown that there is a substantial phenotypic heterogeneity, which most probably reflects the specialisation of individual macrophage populations within their microenvironments (6) . In addition, to protect the host, in this case pigs and wild boars, macrophages also contribute to the infectious process by maintaining intracellular pathogens such as African swine fever virus (ASFV), porcine reproductive and respiratory disease syndrome virus, Brucella spp, and Salmonella spp. Monocytes make up only a small percentage of cells in peripheral blood. In pigs, this value ranges from 0 to 10% (7) .
In vitro differentiation of porcine monocytes into macrophages has been characterised with respect to maturation-associated antigens as well as the modulation of particular cellular functions (4) . Activation of monocytic cells has been shown to modulate several aspects of these cellular functions, resulting in innate immune activation against virus infection (30) . Such activation may involve autophagy and autophagosomes, and is important for the elimination of intracellular pathogens. Macrophages originate in the bone marrow and migrate to body tissues through blood circulation (17) . In tissues, a small number of macrophages differentiate under the influence of cytokines and, depending on the tissue type, they may become osteoclasts (bone), Kupffer cells (liver), microglia (brain), alveolar macrophages (lings), etc. However, ASFV is a monocytotropic virus, and observations made in non-leukocyte cell lines do not necessarily relate to events involving macrophages during virus infection (2) . Moreover, another observation indicates that ASFV can only enter macrophages via receptor-mediated endocytosis to achieve productive infection only (3, 29) . Analysis of the mechanisms of entry into macrophages, the natural host cells of ASFV, is hindered by the fact that these cells have a heterogeneous surface marker profile and only restricted macrophage subpopulations are susceptible to this virus (11) . In a wide analysis of various cell lines, it was demonstrated that permissiveness for ASFV infection reaches different levels depending on the cell line analysed and the restriction was found at the entry level or at later steps.
Comparative analyses on human blood monocytes and macrophages deriving from them have demonstrated a modulation of phenotype. Kreutz et al. (21) stated that in vitro maturation of blood monocytes into macrophages could actually serve as a model for the in vivo phenomenon. When monocytes are cultured in the presence of serum, they undergo characteristic changes in morphology, antigenic phenotype, and functional activity consistent with their differentiation into macrophages. Monocyte-derived macrophages could express surface markers not found on their monocyte precursors, with other markers being expressed preferentially on monocytes. Haverson et al. (20) did not observe phenotypic differences between porcine monocytes and macrophages, although Gonzalez-Juarrero et al. (16) did note an alteration in major histocompatibility complex. Intermediate stages in monocyte/macrophage differentiation have an influence on phenotype modulation and susceptibility to virus infection. McCullough et al. (24) described the dependence between two subpopulations of macrophages and showed that within the immune system or transcriptional response, a protein distribution system in monocytes and macrophages can be modulated.
ASFV infection. ASFV is a large, icosahedral, double-stranded DNA virus which replicates in infected cells and is classified as the only member of a new virus family, the Asfarviridae (34). ASFV preferentially infects pig monocytes and macrophages which are the main targets for in vivo viral replication (13) . The response of macrophages to ASFV infection is critical to understanding the mechanisms of virus pathogenesis and immune evasion. There are many studies which investigated porcine specific quantitative reverse transcriptase PCR to determine macrophage transcriptional responses following infection with low and high virulence ASFV isolates. Most of the host genes whose expression is differentially regulated showed increased expression levels at 4 h postinfection and a return to basal levels at a later time post-infection (10). These included genes expected to be activated as part of the host response to infection, encoding proinflammatory cytokines, chemokines, cell surface proteins, components of signalling pathways, and stress response proteins. The complex study was conducted by Zhang et al. (34) , who wanted to explore the broadest spectrum of factors on which the impact of ASFV infection might be visible. The range of distinctness of immune response transcriptional profile in blood monocytes/blood-macrophages was expressed as: cytokine and chemokine, surface protein, intracellular signalling proteins, and proteins activated by stress. They used a porcine microarray containing 2,880 cDNAs to examine the response of macrophages to infection with ASFV, strain Malawi LIL20/1. Increased expression of certain functionally associated groups of genes at 4 h post-infection (pi) was observed. Proinflammatory cytokines like IL-1β, TNF-α, and IFN-β were the only cytokines that showed increased expression levels. The expression of MIP-1α and MIP-1β at 4 h pi compared to mock-infected cells revealed the highest level. From those encoding other cell surface proteins, SDC2 (heparan sulfate proteoglycan), GAL3, and the MRC showed over 4-fold increase in mRNA levels at that time. The components of intracellular signalling pathways, including Jak 2, STAT 1, CREB, and a PI3-kinase adaptor, were also increased at an early stage of the study. The highest transcription of these anti-inflammatory genes might be significant in suppressing the proinflammatory response. A transcriptional upregulation due to several other cell-secreted and surface proteins at early postinfection periods were presented. A reducing cell invasiveness was triggered by one of the monitored gene encoding syndecan 2 protein (heparan sulfate proteoglycan), which has been shown to bind to IL-8 and, by connecting, to collagen (22) . The latter gene encodes galectin 3, a member of a family of galactose-binding lectins with crucial roles in regulating homeostasis within the immune system. Galectin 3 participates in inflammatory processes and can be expressed on the cell surface, nucleus, and cytoplasm or be secreted from cells. The results of Kusano et al. (22) also showed that stimulation of IL-1β and TNF-α is similar to other less comprehensive studies on immune response after AFSV infection.
Using the ASFV/NH/P68 (NHV) and the highly virulent ASFV/L60 (L60) model of infection of porcine blood-derived macrophages, Gil et al. (13) demonstrated significantly increased production of mRNA for TNFα, IL6, IL12, and IL15 at 6 h pi. Interferon family (IFNs) as one of the most important multifunctional immunoregulatory proteins of inducible cytokines that influence the early or innate immune response to limit viral replication via engagement with their respective IFN receptor is poorly examined with regards to the impact of ASFV infection. In Gil et al. (13) studies, quantification of IFNα mRNA expression was examined in seven cultures of porcine bloodderived macrophages from different pig donors. The upregulation of IFNα mRNA and protein production compared to control cells was higher with NHV than with L60. The reasons for these differences between two ASFV isolates remain unclear. However, recent studies using ASFV with deleted MGF360/530 showed the association of these multigenic families in the transcription inhibition of the interferon gene and in interferon activation pathways (2) . Other studies involving infection with virulent ASFV without these multigenic families deleted also described an inhibition in the IFN transcripts in the porcine aortic endothelial cells culture (31) . Genetic variation in ASFV strain might be an obvious explanation for pathogenicity of these two ASFV strains; NHV virus has a naturally occurring deletion in the MGF360/530 genes in contrast to the presence of those genes in the L60 strain. This fact could be related to a large enhancement of IFNα mRNA expression in macrophages infected with the NHV isolate. As the final point, type I IFNs have strong stimulation influence on anti-viral pathways in infected cells and are potent activators of NK cell cytotoxicity, which is well observed in NHV infections (23) .
More mature scavenger type macrophages have a much better influence on ASFV replication than monocytes (4). Different subpopulations of monocytes/macrophages vary in susceptibility to ASFV infection in general. Susceptibility to ASFV infection could be correlated with higher maturation stages of cells expressing higher levels of lung-macrophage specific markers. It was observed that expression of the acute phase proteins, receptor CD163, surface antigen 4E9 (porcine CD107a), expression of SLA II antigens, or lysosomal associated membrane proteins interact with permissiveness to ASFV infection and play a crucial role in the early stage of virus replication (5) . The study also concluded that CD163+ monocytes produce more TNF-α, express higher levels of adhesion molecules, and can increase antigen presentation to T-cells when compared to CD163− monocytes. This might have an impact on susceptibility of endothelial cells to ASFV infection and apoptosis induction capacity as well as the timeframe of pathogenesis. Within a wide range of macrophage subpopulations, some of them can activate phagocytosis activity and initiate a secretion of cellular components by its destruction (4). Activated monocytes/macrophages release a wide range of mediators including proinflammatory cytokines such as IL-1, IL-6, and TNF-α (27) . These cytokines can induce acute phase reactions, inflammation, activation of endothelial cells, and apoptosis. Among these factors, TNF-α is particularly important. It can induce vascular changes (vasodilatation and increased permeability) and modulate the activation of the vascular endothelium (procoagulant/anticoagulant). An influence of ASFV infection on upregulation in the production of TNF, IL-1, and IL-6 corresponding with the onset of vascular damage, fever, and changes in lymphoid structures was reported (28) . Monocyte-macrophages have also been described in ASFV infection as a source of TNF-α, IL-1α, IL-1β, and IL-6 expression in the spleen and lymph nodes, together with an increase in serum concentrations of TNF-α and IL-1β. It was also established that the production of VP73 protein is correlated with the presence of cytokines in tissues in the monocyte/macrophage lineage and their upregulation was correlated with increasing TNF and IL-1 levels. It also demonstrated an inhibition of TNF-α production in stimulated porcine alveolar macrophages from an early period after ASFV infection (26) . In this publication, the authors found the involvement of the viral protein A238L in downregulation of proinflammatory cytokine responses in host macrophages after ASFV infection. This fact could be expected since A238L, an early protein synthesised from 6 h pi during the viral cycle, had been shown to inhibit NFκB/NFAT-dependent gene activation. These results were supported by experiments which demonstrated the connection between the mRNA expression levels of cytokines and A238L gene in porcine macrophages infected with ASFV isolates of different virulence (13) . Furthermore, the cAMPresponsive element (CRE) and κ3 site were indicated as responsible of gene regulation during ASFV infection (18) . The CRE site has been shown to bind the ATF-2/Jun heterodimer forming a composite element with the κ3 site, which can bind NFκB as well as NFAT factors (9) . Through these studies, it was demonstrated that A238L inhibits TNF-α expression in porcine alveolar macrophages acting at specific DNA binding sites and impacting transcription factors involved (18) .
It has been suggested that secretory activation of proinflammatory cytokines of blood macrophages in vivo during the early stages of infection plays a key role in the pathogenesis of ASF (15) . This activation has been detected by ultrastructural study and immunohistochemically in the lymphoid organs, lungs, liver, and kidneys (14, 28, 29) . A significant increase in serum TNF-α and IL-1β levels has been observed from 2 d pi in different experiments with pigs infected with highly-virulent strains. The increase in TNF-α-specific mRNA is correlated with the expression of viral antigens encoding proteins p30 or p52. However, TNF-α mRNA decreased to baseline levels at 2 d pi, whereas viral mRNA persisted or increased until death of the cell. Similarly, the number of TNF-α-producing cells was always lower than that of ASF virus-infected cells. This may reflect the highly-regulated expression of this cytokine, due to the products released by neighbouring cells, including IL-10, TGF-β, and prostaglandins, capable to induce TNF-α production. The discrepancy between the findings of these studies could be due to the different ASF virus isolates tested (13, 28) .
ASFV encodes between 150 and 167 proteins, among which the minority can modulate host immune responses (1). Apoptosis, host transcription factor activation, interferon induction, and stress responses are immunological pathways that can be modified by ASFV. The ASFV gene A238L encodes a protein which inhibits transcriptional activation of a range of host immunomodulatory genes, including proinflammatory cytokines and chemokines, by inhibiting activation of NFκB, calcineurin phosphatase, and host transcriptional co-activator p300. An ASFV Toll like receptor (TLR)3 inhibitor, encoded by the ASFV gene I329L, has been identified (8) . The inhibitor could reduce the transcription of genes through its effect on the pattern recognition receptors (PPRs) and resultant downstream signalling pathways. In addition, deletion of six members of multigene family 360 (MGF360) and two members of multigene family 530 (MGF530) from a virulent isolate Pr4, was shown to result in an increased type I of IFN response and induction of IFNstimulated genes (ISGs) as possibly IFN-activated pathways. Since other large DNA viruses have expanded their strategies to avoid chemokine responses, the chemokines-ASFV proteins interactions in the antiviral response are emphasised. Such virusencoded proteins that mimic chemokines and their receptors, or secreted proteins that are able to bind host chemokines, need to be included in epidemiological analysis and pathogenicity study. Viral genetic diversity might of course have an impact on chemokines and their different genetic expression which could facilitate their function as antagonists for the virus circulation in field and the replication of the virus in porcine cells.
Evidence suggests that this is a major mechanism used by ASFV to evade host defence systems. One of potentially potent immunosuppressive proteins is the A238L protein, which inhibits two key signalling pathways in infected cells: NFκB activation and calcineurin phosphatase (26) . This single protein may therefore inhibit transcription of a wide range of immunomodulatory genes and other pathways in infected macrophages. Several other ASFV proteins with predicted roles in modulating host gene transcription have been identified.
The data from Whittall et al. (32) experiments established that lung-macrophages infected with the Malawi Lil/20 strain of ASFV produced anti-inflammatory − cytokine TGF, but not proinflammatory cytokines -neither TNF nor IL-1. This accords with reports that infected macrophages produce a protein of relative molecular weight (MW) 36 000, which suppresses T-cell proliferation and enhances B-cell activity. TGF-β has been observed to have similar effects on these cell types in other species (25) . It is not clear whether this would also account for the inhibition of natural killer (NK) activity observed in ASFV-infected mononuclear cell preparations (19) , similarly to the activity of TGF-β which inhibits generation of lymphokine-actived killer (LAK) cells. Interestingly, TGF-β was first detectable 8 h after infection, but reached maximal levels at 24 h. It is not clear whether this is a consequence of protein secretion in this period, or of the secreted protein processing. In this respect, it is significant that recent data indicate that TGF-fB mRNA is produced when cells are incubated with live or inactivated virus at an early stage of the infection cycle (26) . It was observed that the addition of a UVinactivated virus did not result in detectable active protein (32) . This suggests that the induction of TGF-β mRNA may be the result of receptor engagement by the virus or virus products. Subsequent posttranscriptional or post-translational mechanisms by which TGF-β is generated in an active form are present only when the cells are actively infected.
Studies on African swine fever viruses show that the macrophages are the most common cell line used to study pathogenesis, immunology, and biology of the pathogen. The fact that most porcine macrophages are infected with ASFV may have important implications in the immune response to the virus. Cytokines produced by cells of the immune system, including macrophages, can influence inflammatory responses to viral infection. This has been exploited by viruses, which have developed strategies to direct the immune response towards ineffective responses. Macrophages can also contribute to immunopathology in the host after viral infection and the regulatory network can be subverted by infectious agents including viruses, some of which produce cytokine analogues, cytokines and chemokine receptors, or have mechanisms that inhibit cytokine functions.
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